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I
The career of the 'Complication Experiment' has been so
long and varied that the new investigator needs to spend a
large portion of his time in repeating and confirming the
results of earlier observers. To do this in the present instance
with anything like adequacy, we have, for example, made
over twenty-three hundred separate determinations. None
of these was used in the material presented. In this case,
the repetition of earlier investigations has been particularly
interesting. In the development of the problem, one point
after another has been discovered, yet new variations and
new factors continue to appear. The following paper does
not attempt an historical survey of the field. Such work
has been performed with relative completeness by Sanford,1
and more recently by Burrow.2 Moreover, notwithstanding
Dunlap's remark concerning the 'remnants of the compli-
cation-problem,' we have not convinced ourselves that
sufficient work has yet been done to write its final history.
Disregarding the chronological order, the systematic
history of the problem falls roughly into three divisions, the
period of discovery and collection of data, the period of
experimental modification of objective conditions, and finally
that of specific directions to the observer. The first period
begins with the discovery by Bessel, of the note in the Green-
wich Observatory records, and again with Wundt's intro-
duction of the problem into the psychological laboratory.
1
 Sanford, E. C , "The Personal Equation,' Amer. Jour, of Psychol., Vol. 2, pp. 3,
W, 403.
* Burrow, N. T., 'The Determination of the Position of a Momentary Impression,
etc, ' Psychol. Rev. Mon. Suppl., Vol. n , No. 47.
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The second is again begun by both Bessel and Wundt when
the first mentioned changed the rate of the clock to test the
effects on the observations, and the second, complicated the
experiment by using the pendulum in place of the uniform
movement of the clock hand. In the psychological study of
this problem, as against its astronomical study, it is probable
that Angell and Pierce1 are the first investigators to give
specific directions to their observers. Typical of the further
development of this change in the method of experimentation
is the 'inversion of the complication experiment' introduced
by Stevens,2 the rigid set of directions given his subjects by
Dunlap,3 to control eye movements, and the analysis of the
methods of observation by Guenther,4 and Dunlap.6
In the following pages, the results of some experiments
with Dunlap's 'exact fixation' method, using practically an
exact duplicate of Geiger's apparatus,6 are presented. After
practice with this method, our observers settle down to one
or the other form of error with surprising steadiness. Our
introspections show that the after image is a recognizable
influence in making the determinations. By a slight modi-
fication in the apparatus which shortens the after flash of the
pointer, the loss of this factor can be made to appear in the
results. As Dunlap has shown the necessity of eliminating
eye movements, we see here that a further condition for
accurate results is some adequate visual cue to indicate the
pointer position at the time of the click. The determinations
that follow the selection of any single factor will be regular.
Particularly the perception that follows the selection of the
"pointer interruption" point on the scale is very accurate.
The most complete summary since Geiger, of the numerous
1
 Angell, J. R., and Pierce, A. H., 'Experimental Research on the Phenomena of
Attention,' Amtr. Jour, of Psychol., Vol. 4, pp. 520-541.
'Stevens, H. C , 'A Simple Complication Pendulum for Qualitative Work,'
Amer. Jour, of Psychol., Vol. 15, p. 581.
'Dunlap, Knight, 'The Complication Experiment and Related Phenomena,'
Psychol. Rev., Vol. 17, pp. 157-191.
* Guenther, F., 'Reacktionsversuche bei Durchgangsbeobachtungen,' Psychol.
Stud., Bd. 7, S. 232 f.
* Op. cit., p. 168 f.
* Geiger, M., 'Neue Complicationsversuche,' Phil. Stud., Bd. 18, S. 347 ff.
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factors involved in the judgment of coincidence, under its
many and varied experimental conditions, has been given by
Burrow. The point with which we are to deal first is treated
by Dunlap.1 He found that at the moment of the determina-
tion of coincidence the pointer did not blur, but remained
frequently very distinct as if stationary. There could evi-
dently be but one explanation for this,—the eye was making
a short excursion with the pointer before settling down.
The general observation of eye movement was noted by
several other observers previous to this. Dunlap cast about
for means to aid in maintaining this fixation point at the
moment of coincidence. He finally used a screen of mosquito
netting placed in front of the dial. By this means he was
able to determine whether the eyes moved or not at the mo-
ment of alignment. If the threads of the net remained
clear, it might be assumed that the fixation was adequate.
His results indicate that inadequate fixation is perhaps the
most potent factor in the production of errors. Other
factors are still operative, but as he shows in a series of
supplementary experiments, their effect is minimized when
exact fixation is maintained. In taking records, he approached
the assumed point of coincidence from both directions.
This was done to equalize the influence of the two modes of
approach, since Burrow had previously shown that they
affect the errors differently.
II
After testing these results carefully, we decided to use
one method of approach and to begin a practice series.2 In
this we hoped to discover more definitely the relation of the
various factors involved. In place of the bell on the older
apparatus, we used the click of a telephone receiver. This
modification has been made in several recent experiments.
Our scale, at first, was marked off with one-degree spaces;
from series ' 11' on, a dial with scale marks two degrees apart
and of equal length, was used. The five-degree divisions on
1
 Op. cit., p. 164.
* Special mention is due Miss Mary Hill, since her continued assistance made
possible the collection of a large portion of this data.
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the first scale were longer than the degree marks, while the
ten-degree divisions had marks approximately one centi-
meter in length and were numbered. The radius of the
dial to the inner ends of the scale marks was 26 cm. The
time of revolution was 1.2 sec. or 3$ a per degree. This
rate was used throughout the following experiments.
The directions given all observers are as follows: "Fixate
first the point at the top of the dial, marked 360." O. was
warned to maintain exact fixation at all times and at the
preliminary points to use only peripheral vision in determining
tentative coincidences. "By successive fixations locate the
point of coincidence." As far as possible, this was to be
done by movement to the left only, that is, he was not to
go 'negative' of the point of actual coincidence, though O.
did not know, of course, whether he did this or not. By such
successive approximations, he was expected to establish
coincidence.1
In the first part of the experiment, we used only the left
upper quadrant of the dial. Later we used the whole left
half. All determinations were given in haphazard order.
The points of actual coincidence were made out in advance
and changed frequently so that O. would have no external
cues to aid him. Fixation points are always to the right and
above the sound in the upper quadrant. In the lower this is
changed. Three different persons learned to manage the
experiment, so that the position cue, or other cues, from E.
might be made inoperative.
In the preliminary series mentioned above, we used over
thirty different subjects. Only four subjects began the
practice group arranged here; three others were added later.
Subject I. knew the literature of the experiment thoroughly,
while subject III. was unfamiliar with the -nature of the
experiments. Subjects II. and IV. were instructors in psy-
chology. Subject III. did not take part in the preliminary
experiments mentioned above.
The tables that follow are practically self-explanatory.
The first column gives the number of the series; % ' f2* etc.,
1
 See Geiger's 'reflective type,' op. cit., p. 378.
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each constitutes a day's work for that subject. The columns
headed 'Positive,' 'Negative,' 'Coin' give the number of
errors and of successes. The column marked 'Average' gives
the average of all determinations without regard for sign;
the next column is the mean variation of this average. Col-
umns headed 'Pos. Average,' and 'Neg. Average' give the
average error for the positive and negative errors respec-
tively. The final column is the difference between the sum
of the positive and the sum of the negative errors, divided by
the total number of determinations, together with the sign
of the preponderating error. All results are given in degrees.
Numbers in brackets are estimated.
TABLE I
SUBJECT III
Series
I
2
3
4
5
6
7
8
9
Total...
Number of
Pos.
H
15
16
12
18
15
9
H
8
1 2 1
Neg.
5
4
3
2
3
3
4
5
11
40
Coin
0
2
2
8
0
3
9
2
3
29
Average
6.74
3-°5
3.14
1.91
2.90
2.14
1-45
3-04
5.02
3.18
M. V.
3-59
1.87
2.10
1.73
1.70
1.23
1.31
1.88
2.10
2.10
Pos.
Average
7-SO
3.60
3-43
2.83
3-23
2-53
2.11
2.71
7.28
3.91
Neg.
Average
4.60
2.S0
3-66
4.O0
1.00
2.33
3-25
5.20
5.40
2 4 5
Abs.
Average
+4-31
+2.09
+2.09
+ 1.18
+2.62
+ 1-47
+0.27
+0-57
—0.18
+ 1.46
In series '5 , ' O. remarked that he never went below the
click, if he could help it, because the 'after whirl' bothered
him. About the middle of series '6, ' the experimenter asked
0. if he were satisfying himself that the points selected were
actual coincidences. O. thought that he was staying a little
positive. 'If he went farther he was bothered by the after-
image streak.' At no time did the experimenter discuss the
point; O. was merely urged from this time to make his
determinations as accurate as possible. In series ' 8 ' and '9*
the complete half circle was first used. Previous to this,
determinations were in the left upper quadrant.
After three days' practice, in which subject I. was allowed
to know the type of error she had been making and to study
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a few cases of actual coincidence, she tried again. The
results this time were but slightly better than before. This
subject was familiar with the discussions of theory and was
particularly interested in the various theories of apperception,
TABLE II
SUBJECT I
Scries
I
2
3
4
5
6
7
8
9
10
Total...
]
Pos.
1 0
9
H
19
17
18
20
13
16
19
ISS
dumber of
Neg.
1 0
9
5
i
i
i
i
4
3
i
36
Coin
I
3
2
0
1
1
0
3
2
1
H
Avenge
IO.7I
6.52
7.52
13.90
I2.OO
IO.4O
16.85
8.30
9.09
13.71
IO.92
M.V.
6.43
S-17
478
6.42
6.63
S.06
8.16
4-53
5-45
7.19
5.98
Pos.
Average
9.60
5.-00
IO.71
14.47
12.76
11.22
17.65
IO.38
II.12
1378
I2.6O
Ne*.
Average
I2.9O
10.22
3-40
3.OO
II.OO
6.00
1.00
7-75
4.25
6.00
8.6
Ab>.
Average
- 1 57
- 2.23
+ 5-9°
+13-57
+10.84
+ 9-8o
+16.85
+ 5-20
+ 7-85
+I3-H
+ 7-91
etc., offered to explain the source of error. Her introspections
clung to questions of priority of sound or of pointer in atten-
tion, the 'pulling' influence of the sound in the negative
direction, and the tendency of the eyes to follow the pointer.
If at any time during the 'practice with knowledge' work
she was urged to go on to where the sound 'pulled' her, she
found a point that was always more correct than the first
point selected. During the remainder of this phase of the
practice and the work of the table below, she developed a
habit of finding this first assumed point; stopping a moment,
then moving to a second satisfactory determination. If she
went where the sound seemed to pull her, the results were
always better than otherwise. Subject I. failed decisively
in finding that the pointer was a part of consciousness of posi-
tion at all. She would regularly reply to questions intended
to elicit descriptions of the pointer, etc., 'Of course I know
where it is but I don't see it; the sound is at the place I select
finally.'
We now made a change in the directions to O. Subject I.
was asked to find, by the usual method, the place on the
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dial where her vision of the dial was interrupted by the pointer
when the click sounded. The results follow in Table III.
TABLE III
SUBJECT I. To FIND 'INTERRUPTION'
Series
19
20
21
22
Total. . .
Number of
POJ.
9
6
5
4
24
Neg.
IO
II
3
3
27
Coin
2
I
9
3
15
Average
364
3-83
1.30
2.70
2.86
M. V.
2.23
3.09
I.40
2.IO
[2.20]
Fos.
Average
4.22
3.16
2.80
4.OO
3-54
Neg.
Avenge
3.80
tu
3.66
3.66
Abs.
Average
O.OO
- I . 7 2
+0-3S
+0.50
-0 .31
Subject I. still felt the 'pull' and the 'push' of sound and
of pointer, but she was now looking for a definite visual
occurrence at the time of the click and succeeded in eliminating
the effects of the previous adjustment to a large extent.
At this point, however, no introspections from 'O.' enabled
us to find the reasons for such steadiness of the positive error
in the previous experiments.
TABLE IV
SUBJECT II
Series
I
2
3
4
8
9
10
Total.. .
Number of
" Po».
7
5
5
8
5
2
0
0
5
42
Neg.
14
15
15
13
II
14
18
19
19
12
150
Coin
O
I
0
3
I
2
I
I
I
4
14
Average
8.09
6.85
14.40
6.04
6-35
8.6l
7.14
IO.15
12.80
7-33
8.73
M.V.
2.88
3.67
6.85
348
3.82
6.26
3-71
4.48
6.20
5.61
4-79
POJ.
Average
7-71
8.O0
I2.6o
4.8O
6.OO
2.20
2.OO
5.8O
5-6
Neg.
Average
8.28
6.93
I5.O0
7.92
7.18
12.17
8.11
10.68
13-47
10.50
10.2
Abs.
Average
- 2.95
- 3-05
— 8.10
- 3.61
- 1-55
Zlfe
—10.15
—12.80
- 4-57
— 6.13
Subject II. was familiar with the experiment. He knew
the results of the various methods of observation, yet here
we see him passing over all the other possible 'cues,' to what
must be the final adjustment among all. The effort most
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prominent in O.'s mind was fixation; together with this was
attention on the pointer except when the sound failed to
coalesce with pointer. The important point in introspection
was the difficulty connected with the long spread of the
pointer at these rapid rates.
At the close of this series, three of the observers attempted
to examine the peripheral, or objective factors more closely.
All observers were allowed to know the direction of their
error. We may quote certain typical statements from the
laboratory notes of subject II. These are from the practice
series with knowledge.
Coincidence is at 328; O.'s final determination, 327;
tentative fixation points, 360, 340, 330, 335, 325, 327. O. re-
ports: "Trouble in seeing the pointer; can't distinguish
between pointer and black streak, yet have a distinct feeling
that there is a black streak below 320,—no streak above
330." Several days later, O. wrote: "Felt able to distinguish
the pointer disturbing fixation, from the positive after
image,—it is a difficult task to combine pointer and click
even when the pointer is seen clearly." On this day, all
determinations, after the first, were either positive or correct;
the first was negative three degrees.
The time relation is now the problem presenting the most
difficulty for this subject. O. felt that he could seldom satis-
factorily combine the two elements into one percept. There
was always either a space or a distinct sense of time between.
After the difficulty was noticed a few times as a temporal
judgment, this seemed to disappear, or, in the later trials,
to dissolve into the space relation. When pointer and click
are held apart by the space that separates them it is almost
impossible to determine which position is the point of coin-
cidence. Sometimes actual coincidence proves to be just
between the two points selected; sometimes it is a few degrees
below the lower one; more often, with subject II., actual
coincidence is above either of the assumed positions. If
actual coincidence is 320, the two separate assumed coin-
cidences may be 3x7 and 310. In this case, such conditions
seem to be explained by the click in relation to one or the
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other end of the 'blur' or near the vanishing point of the
positive after image.
Subject IV. shows the more usual distribution of equal
numbers of positive and negative errors. (In an earlier
series, he had been regularly positive.) In this group of
determinations, Subject IV. made shifts in fixation that
amounted to approach from both directions. Toward the
close, the experimenter also discovered that O. was not
attempting to make determinations more accurate than the
five-degree divisions. Both conditions operate to produce
the equal distribution of positive and negative errors.
Series ' 7 ' to '12' inclusive were spent in studying the
factors involved, so far as the subject could introspectively
ascertain them, as he made the determinations. In series
'12' a black screen with white scale marks and the pointer
with white tip were used.
TABLE V
SUBJECT IV
Series
I
2
3
4
o
Total . . .
8
9
10
11
12
Total . . .
Number of
Pos.
3
3
13
8
, 7
14
48
2
7
7
0
5
4
25
Neg.
14
13
8
10
6
56
2
1
6
2
S
19
Coin
2
4
2
4
4
1
17
1
3
2
3
1
0
1 0
Average
4-94
3-85
4-75
4.10
2.43
5.09
4.18
5.00
2.45
2.50
1.22
3-35
2.88
2.70
M. V.
3.52
2.73
2.87
2.91
1.58
2-73
[2.72I
1.80
1-59
1-33
0.86
1.62
1.65
[i.47l
Pos.
Average
5.OO
2.00
6.00
5-75
243
5.00
4.64
5-5°
3-57
2.86
3.00
3-75
3-44
Neg.
Average
S-64
5.46
3.4O
4.5O
3-40
6.l6
5.07
7.O0
2.00
3-33
1.83
6.00
2.20
3-15
Abs.
Average
-3-37
-3 .25
+3-°S
—0.50
-0 .81
+ 1.57
-0 -59
—0.60
+2.09
+0.83
— 1.22
+0-35
+0.44
+0.48
Subject IV. found difficulty with the after image from the
beginning. Often a fixation point would be selected that
seemed confused with the image, and 0. would change to a
safer position. The change in these instances increased the
error to a more positive one, if O. had been proceeding
108 C. S. YOAKUM
cautiously. O.'s criterion was 'to make the pointer slap the
mark'; it would seem to bend if he felt he had reached a
negative position. Sometimes he attempted to -select the
'blackest' part of the streak; in other instances, the best
position was where 'the scale seemed to brighten up.' The
'streak' that subject IV. is attempting to analyze was often
20 degrees in length. More commonly it was from five to
ten degrees shorter.
Subjects III. and IV. report this disturbing influence of
the after image constantly. Subject I. makes no report on
it; she is concerned with the 'pull' that the sound has.
Subject II. was still uncertain whether he had been led to
make negative errors through attention to the sound,1 or
because of the failure to distinguish between the after image
and the 'blur' of the pointer, or possibly because of some
unnoticed movement of the eyes downward.
In the practice experiments, I (subject II.) gave special
attention to the difference between after image and pointer.
At the same time I attempted to get the most advanced
moment of interruption. The results are massed together in
Table VI. below. In series 21, I used the black screen and
pointer with white tip.
As can be seen, I succeeded in eliminating the preponder-
ance of negative errors fairly well, and in reducing the general
average (see Table IV. above). My tendency proved to be
one that led me to select the scale position that was free of the
pointer at the time of click. (Prior entry of sound?) The
tendency was eliminated by closer attention, not to my fixa-
tion, but to the features of the dial at the fixation point, so
that I might recognize the first change or 'interruption' of
vision due to the passage of the pointer. Under these
conditions the blur can seldom be seen. To my astonish-
ment, the sound still did not seem to occur at this first 'in-
terruption' point, it continued to stand at the 'scale position
that was free of the pointer'; caught, of course, with peri-
pheral vision at a later revolution of the pointer. Experi-
ence showed me, however, that if I did take this advanced
1
 Titchener, E. B., "The Psychology of Feeling and Attention,' p. 253 f.
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point,1 I would be more accurate than by using the other
methods. As a rule, blur, after images, angles of the pointer,
and other features of the dial are eliminated by the successful
attainment of this form of fixation. Squinting, closing one
eye, etc., aid at times in this elimination. There is, naturally,
no peripheral vision, or a very limited field, during this
manner of fixation, hence the procedure becomes one of
alternation between 'fixation with peripheral vision' and
'fixation to catch the visual interruption.' The black dial
with white scale marks, and a white tipped pointer, give the
most easily seen 'interruption,' so far found. We have not
yet had time to test this thoroughly.
TABLE VI
SUBJECT II
Scries
II to 2O.
21
Number of
Pos.
58
8
Neg.
72
II
Coin
23
4
Average
S-03
2.21
M. V.
I.84
POJ.
Average
5.82
3-87
Neg.
Average
6.OI
I.9I
A b j
Average
—0.62
+0-43
We have quite accidentally found four subjects whose
results fall in separate classes. Subject I. makes the positive
error. Subject II. emphasizes the negative error. Subject
III. is positive, but his error is so small that it perhaps comes
within the limit of accuracy set by the scale marks, or that
set by the daily disposition and accidental combinations of
attention. The error made by subject IV. is slightly larger,
but the distribution is nearly even. All four were using the
same apparatus and presumably following the same set of
directions. After studying the features of the moving pointer
as they appear on the dial, and then placing emphasis in the
directions on a point overlooked previously, the visual inter-
ruption, the results of all four subjects' determinations are
brought into closer correspondence.
It seems evident from the above material, and other work
since Geiger's article is corroborative, that such factors as
eye movements, after images, the 'blur' of the pointer, the
1
 See Dunlap, op. cit., p. 168.
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ease or difficulty experienced in finding the 'pointer inter-
ruption* position, and other positional factors, such as 'Um-
kehr' points, angles made by the pointer (as it changes direc-
tion across the field of vision), etc., are essential elements in
irregularities of error of the grosser sort. With this method
also, to attain subjective satisfaction is always a matter of
great difficulty. It can be kept only for very short periods
of time, and is largely a matter of preference. The usual
judgment is: "This is the best I have found; might find a
better if I watched longer."
The existence of a temporal 'indifference-zone' seems
fairly certain. Under usual conditions the 'blur' and after
image streak are distinctly noticeable. At the ends of, or
within, this region of the streak, the 'indifference-zone' may
vary without conscious change. The assumed coincidence
will depend on the momentarily important factors, and any
theory O. has concerning actual coincidence within this
constellation of elements. The larger errors ought to show a
regular distribution around some point other than the actual
coincidence, indicating that one of the factors is exercising a
primary influence in the judgments. The latter result ap-
pears especially well in our experiments.
I l l
All of our observers, except subject I., mentioned the
uneasiness attending determinations, on account of the
after image. We, therefore, attempted to plan an arrange-
ment of apparatus that would either eliminate this factor or
at least reduce its effect on the observations.
We used in place of the pointer a revolving disk that
covered the inner surface of the dial. This disk barely touched
the inner ends of the scale marks. It had on the circum-
ference, at the edge, a black spot, approximately the size of
the black tip of the pointer. The actual size of the spot was
8 mm. along the radius of the disk and 5 mm. wide. Such an
arrangement still leaves the blur of the moving spot,1 and,
as experiment shows, if fixation shifts to the scale marks,
1
 See Dunlap, op. cit., p. 170.
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often gives an after image. Sometimes it appears as long
as that produced by the pointer, but usually the short 'blur'
is all that can be noticed.
TABLE VII
{A) DISK
Subject V
Series
lb
ia
3&
4*
5*
6a
7b
Total...
Pos.
6
8
2
6
i
2
2
27
Number oi
Neg.
3
2
8
2
6
8
7
36
Coin
I
0
O
2
3
0
I
7
Average
5-3
3-8
4.6
4.8
3-9
3-6
2.8
4.1
M. V.
2.96
2.16
1.6
3-3
3-68
1.68
1.56
2.5
Pos.
Average
S-l6
3-75
5.0
6.83
2 . 0
3-5
1-5
4-55
Neg.
Average
7-33
4.00
4.50
3-5°
6.16
3.62
3-57
4-55
Abs.
Average
+0.80
+2.20
— 2.6O
+3-4°
-3-5°
— 2.20
— 2.20
- 0 . 5 7
(B) POINTER
la
zb
3*
4*
5"
6b
ja
Total. . .
0
1
0
1
0
1
0
3
10
8
10
9
10
9
10
66
0
1
0
0
0
0
0
1
12.5
3-9
9-1
7.2
10.9
9.8
I5-I
10.07
6.8
2-54
2.1
3.64
3-1
5.0
4.48
4-95
3.0
2 . 0
1.0
2-33
12.50
4.50
9.10
7-77
10.9
9.6
15.1
10.57
-12 .5
- 3.6
- 9-1
- 6.8
— 10.9
- 9.6
- 1 5 . 1
- 9.87
8«
9b
loa
lib
12a
Total...
8
9
9
7
7
40
1
1
0
2
3
7
1
0
1
1
0
3
(C) DISK
2.9
7-4
4.6
4-5
5-2
4.86
1.70
4.18
2.92
2.6
1.44
2-57
3-37
8.00
5-»
5.28
5-42
S.42
2.0
2.0
4-04.6
3-7
+2-5
+7-o
+4-6
+2.9
+24
+3.82
(D) POINTER
Sb
9"
10b
11a
12b
Total...
5
6
9
8
2
30
4
3
1
1
7
16
I
1
0
1
1
4
2-5
7-5
6.4
4.0
3-9
4.82
1.1
4.1
2.7
2 . 2
2-3
3.0
2.8
6-5
6.4
4-5
2 . 0
4.96
2.7
12.0
6.0
4.0
7.0
5-7
+0.3
+0.3
+S-2
+3.2
- 3 . 1
+1.14
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Directions to the observers remained as before. New
subjects were not cautioned concerning the possibility of
after images, of the use of an 'interruption' point, etc.
Subjects I. and II. of the previous group acted as subjects
here. Subjects V., VI., and VII. were new. None of the
three knew the purpose of the experiment and only one had
seen the apparatus before. Twenty determinations were
taken a day. Ten of the twenty were with the pointer and
ten with the disk. If we began with the pointer one day,
the next began with the disk. The entire left half of the dial
was used. Actual coincidence was given in haphazard order.
The arrangement of tables is the same as above.
Table VII. represents the first work subject V. had with
the apparatus. He was unacquainted with the previous
theories and developed his own statements of method.
During the first day's work, 0. remarked: "When I started
I put coincidences in the middle of the long streak; now I am
putting them at the lower point, because it is the click that
calls my attention to the place and the impulse to follow
the pointer would carry me beyond." O. studied the possi-
bility that the 'shadow' might be behind the pointer, but
decided that this was not the case here—he could see the
pointer up to the click. In series '3 , ' O. explains his theory
still further. " I push around to the lower end of the image,
since I seem to 'spot' the click all right, and the after image
spreads out afterward" i. e., after the click is heard, and
as a consequence of the continued movement of the pointer.
His theory is not so applicable to the spot on the moving disk,
but 0 . fails to think of this.
0. continued using this procedure until the eighth day.
The disk came first this time. O. reported that the disk
seemed much easier. The 'spot' on the disk was more easily
seen than the black tip of the pointer. Characteristic
remarks in series ' 8 ' and ' 9 ' are: "Didn't notice the after
image today:" "Simply tried to pick out where it (coinci-
dence) was and called it." " It depends on where you fixate
where the streak appears." 0 . was not certain whether he
had not been using something like this with the disk up to
this time. The pointer now hits out the sound for O.
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The difference between results with pointer and those
with disk is striking. Even with the negative influence of
the pointer (which 0. consciously used in the first seven)
the determinations with the disk are easily within the 'in-
difference-zone.' 66% of all errors are smaller than the
general average, which is 4.1. On the other hand the errors
with the pointer are almost all negative and 56% of the
errors are smaller than the general average, 10.07. After O.
changed his theory and sought to find the place 'where the
pointer or spot on the disk hit out the sound,' the difference
becomes less. Practically the same factors are now operative
in both forms of the apparatus. With either theory the
results with the revolving disk are within the temporal
'indifference-zone.' It is possible that with such a large field
TABLE VIII
(A) DISK
Subject I
Scries
la
2b
3*
4*
5«
6b
Total...
Pos.
5
5
4
10
2
3
29
Number ol
Neg.
4
5
5
0
8
6
28
Coin
I
O
I
O
0
I
3
Arerage
4.6
H
10.6
S-9
4.8
6.5
M.V,
3.62
4.24
3.8O
5.32
2.08
3.OO
3-91
Pos.
Average
3-2
6.8
7.0
10.6
7.0
6.6
7-S
Neg.
Average
li
7.2
5.6
4.6
6.1
Abs.
Average
+ O.I
— 0.8
+10.6*
- 3-1
- 0.8
+ 0.76
(5) POINTER
i i
2 0
3b
4*
S*
6a
Total.. .
7
S
8
9
S
s
39
3
S
2
1
s4
2 0
0
0
0
0
0
1
1
9.0
6.3
7.0
6-3
7.8
7.6
7-33
S-8
3-S
4-4
2.8
3-4
5.0
4.17
10.14
S.6o
7.87
6.ss
10.00
9.40
8.15
6.3
7.0
3-S
4.0
5-6
7.2
6.1
+ S-2
- 0.7
+ 5-6
+ 5-5
+ 2.2
+ 1.8
+ 3-26
revolving before the eyes, they will be pulled in the direction
of the movement of this field. To avoid this, the fixation
point with disk always included a definite mark on the dial,
causing frequent after images. Further, O. never fails to
report a blur of the spot on the revolving disk. The distinct-
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ness with which the spot can be made to stand out clearly by
the least eye movement, makes this differential easy for
introspection.
Table VIII. is the work of subject I. It will be remem-
bered that this observer regularly made positive errors in
the earlier experiments and found it very difficult to over-
come the tendency. She had not worked with the apparatus
for six weeks. With the disk she makes a set of determina-
tions that are equally positive and negative. The positive
tendency still remains in the determinations made with the
pointer. It appeared once in the use of the disk, series
'4b ' (* in table). My notes here say: " I t seems absolutely
impossible for O. to get any results that are satisfactory to
her with the disk today." The notation 'lost' appears five
times in the series of ten, and O. could not work into her
disk method. The pointer procedure, which also was un-
usually positive today, persisted with the disk. The deter-
minations with the pointer seemed fair to O., but with the
disk she did not obtain subjective satisfaction in any case.
The 'indifference-zone' is relatively steady.
TABLE IX
{A) DISK
Subject II
Series
la
2b
4b
S"
6b
Total...
Number of
Pos.
I
I
3
2
0
4
II
Neg.
9
9
7
7
10
6
48
Coin
O
 O
 O
 
<
-
 O
 O
I
Average
8.6
6-3
7-5
5-5
9-5
8.2
7.6
M. V.
3.88
3.62
4.40
4.IO
4.8O
S.04
447
PM.
Average
2.0
6.0
4-3
3-5
9.2
6.0
NeS .
Average
9-33
6-33
8.71
6.85
9-5°
7-50
- 8.12
Abs.
Average
- 8.2
- 5.1
- 4-7
- 4.1
- 9.0
- 0.8*
- 54
(2?) POINTER
\b
2 0
3*
40
lb6a
Total...
3
4
9
9
9
8
42
5
6
1
1
1
2
16
2
0
0
O
0
0
2
2.9
6.3
12.4
9.O
7-8
7-7
7.68
1.92
5-13
5.00
S.6o
5-7*
4-04
5-32
4-33
6.00
13.22
9-77
8-55
8.50
9.26
3.2
6.S
S-o
2 . 0
1 .0
4-5
4-5
- 0.3
- 1-5
+"4
+ 8.6
+ 7.6
+ 5-9
+ 5-28
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In the middle of '6&' (* in table) with the disk, 0 . acci-
dentally saw that the last was a few degrees negative. This
threw him off entirely in the remainder of the series. The
results of Table IX. are poorer than usual since 0. had spent
the week just preceding with the oculist, and his eyes were
not yet in shape to maintain the necessary fixation.
Subject II., the writer, was regularly negative in the earlier
experiments. When it came to the use of the pointer in this
experiment, 0. endeavored to catch the first 'interruption
point.' Since this was the first work with the disk, there
was no way of knowing how to use it. The main difficulty
noted by introspection, was the inability to close the space
between pointer and click. With the disk, O. found it easier
to select the 'interruption-nothing' sequence; while with the
pointer, he sought continually to avoid the after image.
As results indicate, both attempts were successful. How-
ever, the failure to close the 'space' gap reversed the form of
the errors. With this 'time' or 'space' gap unclosed, cer-
tainty in the judgment of visual 'interruption' tends to
produce positive errors with the pointer. Especially is this
true if O. is consciously avoiding the after image and as our
procedure was arranged, approaching actual coincidence
from the positive error side. Introspectively, this 'space'
gap with the disk, was clearest when pointer and click were
together and this was followed by a blank in the field of
vision. This is the 'interruption-nothing' sequence. This
proved to be the negative error.
If we examine the individual determinations in this set
of records, we find that there is a very irregular distribution
curve. With the pointer, twelve of the sixty are errors of 16
degrees and above. With the disk, the error distribution is
regular, though the number of determinations is small. The
distribution in O.'s previous work was regular, indicating that
unfavorable conditions existed here.
In the time available, subject VII., Table XL, did not
succeed in obtaining regularity of control. The records
still show the differential effects of the disk and pointer.
For example, if we compare the results of the first five series
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TABLE X
(A) DISK
Subject VI
Series
l i
2a
3*
4?
I*6a
Total...
Number of
Pos.
I
O
0
I
o
0
2
Neg.
9
IO
9
9
9
IO
Coin
O
O
I
o
I
o
2
Average
6.4
17.7
17.6
19.0
10.2
12.3
13.86
M. V.
4-28
4.60
8.60
7.20
7.28
5-64
7-47
Poc.
Average
I.O
I.O
I.O
Neg.
Average
7.00
17.70
19-55
21.00
u-33
12.30
14.82
At*.
Average
- 6.2
- I 7 . 7
- 1 7 . 6
- 1 8 . 8
— IO.2
- 1 2 . 3
- 1 3 . 8
(2?) POINTER
la
2b
Ab
S"
6b
Total...
i
o
o
o
o
0
I
7
IO
IO
IO
10
8
55
2
O
o
o
0
2
4
5-8
25-7
25.0
10.3
23.8
10.1
16.78
4.6
5-5
S-8
6.4
8.8
6.7
8.93
2 . 0
2 . 0
8.0
25-7
25.0
10.3
23.8
12.6
18.27
- 54
-25-7
- 2 5 . 0
- 1 0 . 3
- 2 3 . 8
— 10.1
— 16.71
TABLE XI
(A) DISK
Subject VII
Series
i i
2a
3b
4"
6a
Total...
Po..
9
4
7
6
4
2
32
Number 0!
Neg.
I
6
3
2
4
8
24
Coin
0
O
O
2
2
0
4
Average
34-0
16.9
7-3
10.7
5-9
8.1
13.78
M. V.
13.4
6.5
3-9
8.8
3-9
4-7
10.2
Po«.
Average
37-6
16.O
8.4
I4.0
5-5
10.0
18.54
Neg.
Average
I.O
17.5
4.6
11.5
9.2
7-5
10.0
Abi.
Average
+33-8
- 4.1
+ 4-5
+ 5-9
- 1-5
- 4.0
+ 5-78
(5) POINTER
\a
2b
3?
4*
If6b
Total...
9
6
7
8
5
0
35
1
3
2
2
4
9
21
0
1
1
0
1
1
4
25-9
7-5
7-6
9.0
6.2
IS-2
it.9
11.48
3-6
54
6.8
3.6
7-4
8.17
27-55
8.33
9.14
9-75
9.00
13.86
11.00
8-33
6.00
6.00
4-25
16.87
10.9
+23.7
+ 2.S
+ 5-2
+ 6.6
+ 2.8
-15.2
+ 4-26
COMPLICATION EXPERIMENT H 7
with the pointer, with the last five of the disk, we obtain for
the pointer group a general average of 11.24 degrees and for
the disk group, one of 8.15 degrees. Corresponding absolute
averages are + 8.16 and + 0.18.
Subject VI. (Table X.) presents an interesting set of
determinations, since he obviously used the 'simple reaction'
method in the major portion of his judgments. The average
falls on both the median and the mode, and he is consistently
negative throughout. His procedure was to move from the
first fixation point to others while listening for the sound.
When he reached a point where he heard sound and then
saw pointer, he stopped. The effect of the sound and pointer
rhythms, as Dunlap has shown,1 is to make this interval
shorter than the normal 'simple reaction' time. Subject III.
also used the sound rhythm, but he saw the pointer and click
together. His characteristic method was to press the thumb
and finger together at the click.
In Subject VI.'s results, we may still note the effect of the
disk in removing the, in this case, negative influence of the
after image.
The 'indifference-zone' remains a distinct and relatively
important element. The varying prominence of adventitious
conditions and of other factors noted by previous investi-
gators, is also indicated. The full significance of each ele-
ment cannot yet be made out. Otherwise the differential
introduced by pointer vs. disk runs through the experiments
here presented. The clear-cut way in which the determina-
tions vary between disk and pointer and finally reverse as
Subject V. changes his theory, is still demonstrable in the
records of the other subjects, although complicating condi-
tions are more numerous. We can almost measure the
'indifference-zone' in the average of the general averages of
Table VII. A, C, and D. It is tempting to offer the difference
(5.48) between this and 10.07, t n e general average for the
pointer, given in Table VII. B., as the measure of the influence
of the after image.
1
 Dunlap, op. cit., p. 172 f.
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IV
In the practice series, the regularity of results found by-
Burrow is again demonstrated. The importance of 'exact
fixation,' emphasized by Dunlap, is, we believe, thoroughly
corroborated by our data. The after image reappears as a
factor in the determinations. The visual mental content is
complex. In our preliminary experiments, we find evidence
for nearly all of the factors mentioned by other investigators.
Not all of our subjects make negative errors with the slow
rates; nor did we succeed in producing consistent negative
or positive errors with attention on sound or pointer re-
spectively.1
What are some of the factors seen at the time of the click,
or near the moment of judging coincidence? With the rapid
rate used in these experiments, several phenomena may be
noted. These vary with the locus of fixation. In following
the pointer accurately, a spot that is clearly defined in shape,
etc., is seen.2 In 'exact fixation,' two elements are usually
present, the 'blur' and the positive after image. Both depend
on the rate of the moving pointer for their length and upon
the illumination for their intensity. To obtain the blur no
movement of the eye must take place. The appearance of
the after image depends on the direction of attention. Unless
one is looking for it, consciousness will not take account of
its position and size. Our directions to the observer necessi-
tate a distribution of attention over an arc of varying length;
and, within the general field of vision, portions of this arc
are seen in direct vision, while other parts appear only in
peripheral vision. Along this arc, the blur will maintain a
regular position at the point of fixation, and the after image
will appear indifferently on either side of this point. Atten-
tion will note parts of this image.
With very slight eye movements this range is increased
enormously. The distance from the point of fixation to
which the 'pulses of sensation' extend and the number of
their repetitions, seem to depend on the rate of the moving
1
 Stevens, op. cit.
2
 Dunlap, op. ciu, p. 181 f.
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stimulus and its intensity.1 Our observers speak frequently
of seeing the pointer near the center of the entire disk. The
change in angle it makes from the vertical at the lowest point
to vertical again is confusing. Subjects trained to make
determinations in the upper left quadrant immediately made
greater errors when the lower left was added.
A third phenomenon is observed, when, in addition to
'exact fixation,' the subject attempts to limit attention to
the 'interruption' of his vision of some seen object at the
point of fixation, e. g., the inner end of the scale mark, a
defect in the cardboard material of the dial, etc. The tip
of the pointer passing 'interrupts' this view. This seems
a probable interpretation of the effects obtained by Dunlap
in using a white mosquito netting to maintain fixation.
Dunlap thus distinguishes by implication between the 'blur'
and the 'after image.' He has called our attention to the
use of this in detecting eye movements.2
Geiger undoubtedly has in mind the entire complex in his
attempt to measure the influence of eye movements on the
quality of the error.8 Geiger finds that the greater length
of the after image accompanies the upward movement of
the pointer, and this condition indicates a greater eye-strain,
which is favorable to more negative or less positive amounts
in the error on the ascending side. Dunlap speaks of an after
image, other than the 'blur,' only in connection with the
'pointer pursuit' method.4 In our experiments, the 'inter-
ruption' was first consciously used by subjects III. and IV.
I noticed subject III. squinting and frequently using one eye
in making his determinations.5 When questioned, he replied
that he could see the place where the pointer hits the mark
better. . Subject IV. described it as 'slapping the mark.'
It was through an attempt to verify these statements intro-
spectively, that I discovered the great discrepancy between
1
 McDougaU, W., 'The Sensations Excited by a Momentary Stimulation of the
Eye,' Brit. Jour, of Psycho!., Vol. I, p. 87 f.
* Op. eit., pp. 158 and 168.
* Op. eit., S. 426.
* Op. eit., p. 184.
* Dunlap, op. eit., p. 168.
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my subjectively satisfactory determinations and the 'feeling'
that actual coincidence gives (p. 108). The use of this factor
with our method, reverses Burrow's procedure. He literally
moved coincidence to the stationary mark, while here a series
of stationary marks were tested and rejected till 'satisfactory
coincidence' is found. Such a visual cue is no longer a moving
stimulus.
In this paper, we have emphasized certain visual factors
that enter into the determinations of simultaneity of two
disparate stimuli under the conditions set by Wundt's form
of apparatus. It is true that these are objective, or mere
conditioning elements, and not a part of the fundamental
problem set the observer. However, they are a part of the
complex constellation of factors and when the final perception
is formed, must either be involved as analyzable elements
of that complex, or as non-conscious conditions affecting it.
In general, a number of factors will be given each time, and
the mind has set for it the problem of combining these in the
most satisfactory manner. What that final perception will
be depends on the factor or factors that are most prominent
during that particular judgment.
All the factors that different observers have discovered
may not be operative in the formation of any single percep-
tion; under the usual conditions of the experiment there are
always several present. These are to be united into a per-
ception that has for its central unity the sound and the pointer.
Certain main variations have been worked out. For example,
the sound 'floats' just as soon as the subject relaxes his
fixation. It floats, of course, in one or the other direction
according to the prominence of some phase of the attention
process. This attention process, I believe, is primarily con-
ditioned by the changing and unstable relations that appear
in the field of vision, such as we have mentioned above.
The habit character of this perception is excellently illustrated
thus: If one has practiced making determinations with a
certain quadrant, change to another is immediately productive
of uncertainty in the judgments and distinct increase in the
error. The effect of different directions of approach also
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illustrates the point. The experiment offers an especially
difficult problem to perception.
SUMMARY
1. Using a rigid method of observation, we see that
practice tends to establish a regular distribution curve,
which curve exhibits a mode in one or the other form of
error. The inference that this is due to the observer's pre-
ference for some particular criterion, rather than to some
new element in the attention process, seems warranted by
the introspections.
2. Results with a revolving disk that tends to destroy
the after image and localize the visual factors, differ materially
from those with the usual form of rotating pointer. These
differences seem closely connected with introspectively ob-
servable changes in the length and intensity of the after image.
3. With the 'interruption point' as the 'position' to be
united with 'click,' subjective satisfaction is more difficult
to obtain but when obtained, is much more accurate than
when other criteria are used.
